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Abstract The West Coast of Namaqualand in South Africa hosts extensive detrital diamond 16 
deposits, but considerable debate exists as to the provenance of these diamonds. Some 17 
researchers have suggested derivation of the diamonds from Cretaceous-Jurassic kimberlites 18 
(also termed Group I kimberlites) and orangeites (also termed Group II kimberlites) located on 19 
the Kaapvaal Craton. However, others favour erosion of diamonds from the ca.300 Ma Dwyka 20 
Group sediments, with older, pre-Karoo kimberlites being the original source(s). Previous work 21 
has demonstrated that 40Ar/39Ar analyses of clinopyroxene inclusions, extracted from 22 
diamonds, yield ages approaching the time(s) of source kimberlite emplacement, which can be 23 
used to constrain the provenance of placer diamond deposits. In the current study, 40Ar/39Ar 24 
analyses were conducted on clinopyroxene inclusions from two similar batches of 25 
Manuscript
Namaqualand detrital diamonds, yielding (maximum) ages ranging from 117.5 ± 43.6 Ma to 26 
3684 ± 191 Ma (2) and 120.6 ± 15.4 Ma to 688.8 ± 4.9 Ma (2), respectively. The vast 27 
majority of inclusions (88%) produced ages younger than 500 Ma, indicating that most 28 
Namaqualand diamonds originated from Cretaceous-Jurassic kimberlites/orangeites, with few, 29 
if any, derived from the Dwyka tillites. The provenance of the Namaqualand diamonds from 30 
ca.115-200 Ma orangeites is consistent with Late Cretaceous paleo-drainage reconstructions, 31 
as these localities could have been sampled by the ‘paleo-Karoo’ River and transported to the 32 
West Coast via an outlet close to the current Olifants River mouth. At ca.90 Ma, this drainage 33 
system appears to have been captured by the ‘paleo-Kalahari’ River, a precursor to the modern 34 
Orange River system. This latter drainage is considered to have transported diamonds eroded 35 
from both ca.80-90 Ma kimberlites and ca.115-200 Ma orangeites to the West Coast, which 36 
were subsequently reworked along the Namibian coast, forming additional placer deposits. 37 
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Introduction  47 
 48 
The West Coast of southern Africa is host to the world’s largest known detrital diamond 49 
deposits (Fig. 1). Together these deposits have produced in excess of 120 million carats of 50 
diamonds, with ~50 million carats from mines in Namaqualand, South Africa (e.g., Gurney et 51 
al., 1991; Oosterveld, 2003; Bluck et al., 2005). Diamonds were first discovered in Namibia 52 
in 1908 (near Luderitz) and in Namaqualand in 1925 (Port Nolloth area). Diamonds in 53 
Namaqualand have been recovered from fluvial and marine sediments extending from just 54 
south of the Olifants River, northwards to the Orange River (Fig. 1). In Namibia, economic 55 
quantities of diamonds occur in the region between the Orange River mouth and Luderitz, 56 
~120 km to the north, although diamonds have been recovered as far north as the Hoanib 57 
River, ~1000 km from the Orange River mouth (Hallam, 1964). 58 
Considerable controversy exists regarding the exact sources and depositional history 59 
of the West Coast diamonds. Although the immediate interiors of Namaqualand and Namibia 60 
host numerous alkaline intrusive bodies, none are diamond-bearing (e.g., Moore and 61 
Verwoerd, 1985; Kurszlaukis et al., 1998). The nearest known primary diamond occurrences 62 
are located more than 700 km to the east, on the Archaean Kalahari Craton (Fig. 1), which 63 
hosts more than 1000 kimberlites (also known as Group I or ‘basaltic’ kimberlites; e.g. Smith, 64 
1983) and orangeites (also known as Group II or micaeous kimberlites; Smith, 1983), ranging 65 
in age from ~80 to ~1350 Ma (Table 1). Most researchers have suggested that the West Coast 66 
diamonds originated from erosion of kimberlites and orangeites located on the Kaapvaal 67 
Craton, with diamonds transported to the coast by the paleo-Orange River (Fig. 1) (e.g., de 68 
Wit 1999; de Wit et al., 1999; Bluck et al., 2005 and references therein). However, others 69 
have argued that a large proportion of the West Coast diamonds were eroded from the more 70 
proximal Permo-Carboniferous (ca. 300 Ma) Dwyka Group glacial deposits (Fig. 1), with 71 
their ultimate source being pre-Karoo kimberlites in the interior of the Kalahari Craton (e.g., 72 
Sutherland, 1982; Van Wyk and Pienaar, 1986; Maree, 1987, 1988; Moore and Moore, 2004). 73 
Resolution of this controversy has important implications, not only for determining the 74 
source(s) of the West Coast diamond deposits, but also for reconstructing the paleo-drainage 75 
and landscape history of the region and realising the potential for undiscovered diamond-76 
bearing kimberlites and/or orangeites beneath the Karoo Basin (Fig. 1). 77 
In a previous study, Phillips and Harris (2009) described a novel approach for 78 
constraining the provenance of the Namibian diamond placer using 40Ar/39Ar ages determined 79 
on clinopyroxene inclusions extracted from detrital diamonds. Here, we utilise the same 80 
methodology to constrain the provenance and transport history of the Namaqualand diamond 81 
placer deposit. This approach is based on earlier 40Ar/39Ar studies of clinopyroxene inclusions 82 
in diamonds from kimberlites of known age, where the original intent was to determine 83 
diamond genesis ages (Phillips et al., 1989; Burgess et al., 1989, 1992). Analyses of 84 
clinopyroxene inclusions extracted (or exposed at surface) from Orapa (ca. 90 Ma), Jwaneng 85 
(ca. 240 Ma) and Premier (ca.1200 Ma) diamonds yielded ages approaching the times of 86 
kimberlite eruption (Phillips et al., 1991, 2004a; Burgess et al., 1992, 2004; Phillips and 87 
Harris, 2008); rather than diamond genesis events (ca.1.0 – 3.5 Ga; see Shirey et al. 2013 and 88 
references therein). This unexpected outcome is attributed to diffusion of radiogenic 40Ar 89 
(40Ar*) to the diamond/inclusion interface zone during mantle residence at high temperatures 90 
and loss of this component during inclusion extraction (e.g., Phillips and Harris, 2004) (Fig. 91 
2). These results raised the prospect of using 40Ar/39Ar dating of clinopyroxene inclusions as a 92 
tool to constrain the ages of source kimberlite (Phillips and Harris, 2008, 2009). The approach 93 
is, however, not entirely straightforward; despite some inclusions giving host kimberlite 94 
emplacement ages, others are characterised by older apparent ages (Phillips and Harris, 2008). 95 
The reason(s) for this behaviour is not fully understood, but may be due to partial retention of 96 
pre-eruption mantle 40Ar* in defect structures in the clinopyroxene inclusions (Phillips et al. 97 
2004a; Phillips and Harris, 2008). Notwithstanding this complication, experiments on 98 
clinopyroxene-bearing diamonds from the Orapa kimberlite showed that a significant 99 
proportion (35%) exhibit host emplacement kimberlite ages, with the majority (92%) giving 100 
40Ar/39Ar ages within 100 Ma of kimberlite emplacement. Therefore, although the inclusion 101 
ages must be viewed strictly as maximum estimates for the age of the source kimberlites (or 102 
orangeites), the results still provide useful constraints on the provenance of detrital diamond 103 
deposits, particularly when used in conjunction with paleo-drainage reconstructions and 104 
diamond size distribution data (see Phillips and Harris, 2009). 105 
In their study of clinopyroxene inclusions from Namibian detrital diamonds (n = 52), 106 
Phillips and Harris (2009) concluded that most diamonds were sourced from post-Karoo 107 
kimberlites and orangeites on the Kaapvaal Craton, with only minor contributions possible 108 
from older kimberlites and the Dwyka conglomerates and tillites. However, these results were 109 
too imprecise to ascertain whether the diamonds were sourced from ca.80-90 Ma kimberlites, 110 
ca.115-200 Ma orangeites, or both groups. In the current study, we analysed clinopyroxene 111 
inclusions extracted from a suite of detrital diamonds (n = 84) from the Namaqualand West 112 
Coast, using both traditional single-collector 40Ar/39Ar mass spectrometry and a new 113 
generation multi-collector mass spectrometer. The results obtained provide unprecedented 114 
insights into the provenance and transport history of these diamonds.  115 
116 
117 
Geological Setting 118 
119 
Regional Geology 120 
121 
The interior of southern Africa is dominated by the Precambrian Kalahari Craton, which 122 
includes the Archaean Kaapvaal and Zimbabwe Cratons (Fig. 1), the Archaean-123 
Paleoproterozoic Limpopo Mobile Belt (de Wit et al., 1992), and a series of flanking 124 
Paleoproterozoic (Magondi, Okwa, Kheis belts, Rehoboth Sub-province) to Mesoproterozoic 125 
(Namaqua-Natal-Maud-Mozambique mobile belts) mobile belts (e.g., Thomas et al., 1994; 126 
Hanson et al., 2006; Jacobs et al., 2008). Rocks of the Phanerozoic Karoo Supergroup cover 127 
large areas of southern and central Africa, including much of the Kaapvaal craton (see review 128 
by Catuneanu et al., 2005 and references therein) (Fig. 1). The Dwyka Group forms the basal 129 
unit and is dominated by ca. 300 Ma glacial deposits (e.g. Visser, 1997; Bangert et al., 1999). 130 
In the southern African Karoo basin, the Dwyka Group is overlain by the sediment-dominated 131 
Permian Ecca and Permo-Triassic Beaufort Groups (e.g. SACS, 1980; Johnson et al., 1997) 132 
and the Triassic-Jurassic Stormberg Group, which includes the ca. 180 Ma Drakensberg flood 133 
basalt province (e.g., Duncan et al., 1997; Jourdan et al., 2007). 134 
Southern Africa has experienced widespread alkaline magmatism over much of its 135 
geological history (e.g., Hanson et al., 2006), including the emplacement of archetypal 136 
kimberlite (also known as Group I kimberlites) and orangeite (also known as Group II or 137 
micaceous kimberlites) pipes, dykes and sills (e.g., Jelsma et al., 2004). Diamondiferous 138 
localities are, however, confined almost exclusively to the Kaapvaal Craton, Zimbabwe 139 
Craton and Limpopo Belt (Azanian Craton; McCourt et al., 2004). Known kimberlite and 140 
orangeite localities were emplaced over a broad time period, from ca. 60 to 1600 Ma (e.g., 141 
Allsopp et al., 1989; Jelsma et al., 2004; Gurney et al., 2005), with the major epochs 142 
summarised in Table 1. Pre-Karoo diamondiferous localities include ca. 500 Ma kimberlites 143 
in northern South Africa (e.g., Marnitz, Venetia) and Zimbabwe (e.g., Beit Bridge, Colossus) 144 
(Phillips et al., 1999), the ~1.2 Ga Premier kimberlite cluster in north-central South Africa 145 
(Kramers and Smith, 1983), and the ca.1.35 Ga Martins Drift kimberlites in eastern Botswana 146 
(Jelsma et al., 2004). Alluvial diamonds recovered from the ca.2.7-3.1 Ga Witwatersrand 147 
Basin imply even older diamondiferous kimberlites or related rocks in the region (e.g. Smart 148 
et al., 2016). Known syn-Karoo diamondiferous bodies are restricted to the Jwaneng 149 
kimberlite cluster (ca. 240 Ma) in southern Botswana (Kinny et al., 1989; Phillips et al., 150 
2004a). Post-Karoo Cretaceous (~80 – 95 Ma) kimberlites and Cretaceous/Jurassic (~110 - 151 
~200 Ma) orangeites are by far the most abundant and widespread of the groups (Fig. 1), with 152 
the orangeites showing a distinct age progression across the Kalahari Craton from Dokolwayo 153 
(ca. 200 Ma) in Swaziland to Sutherland (ca. 110 Ma) in the southern Cape (Table 1). 154 
The current drainage system in southern Africa is dominated by the Orange-Vaal 155 
River basin, which also includes the Harts, Molopo and Fish River tributaries. This basin 156 
drains an area of approximately 1x106 km2, and encompasses much of the hinterland (Dingle 157 
and Hendy, 1984). This system covers large areas of the Kalahari Craton that hosts the 158 
diamond-bearing kimberlites and orangeites described above (Table 1). 159 
160 
Namaqualand diamond placer deposits 161 
162 
Diamond placer deposits in Namaqualand extend from just south of the Olifants River to the 163 
mouth of the Orange River, a distance of some 400 km (e.g. Hallam, 1964; Bluck et al., 2005) 164 
(Fig. 1). The main deposits, which occupy a coastal region of a few kilometres width, occur as 165 
a complex succession of Oligocene to Holocene raised beach terrace gravels and river channel 166 
gravels, with lesser deposits off-shore (Hallam, 1964; Bluck et al., 2005). The beach terrace 167 
deposits formed in response to multiple regressions and transgressions imposed by 168 
fluctuations in relative sea-level (e.g., Bluck et al., 2005, 2007 and references therein).  169 
Diamond size generally decreases northwards (Hallam, 1964; Sutherland, 1982), and 170 
this has been taken as evidence that the Olifants River may have been the major point source 171 
of diamonds to the Namaqualand Coast (e.g. Hallam, 1964; Bluck et al., 2005; cf. Moore and 172 
Moore, 2004). This is supported by the presence of Early Aptian to Cenomanian (93 – 112 173 
Ma) deltaic sediments near the mouth of the current Olifants River (Dingle et al., 1983; 174 
Brown et al., 1995). However, other westward draining fluvial systems, such as the Buffels 175 
and Groen fluvial systems are associated with diamond-bearing terraces and likely contributed 176 
at least some diamonds to the coastal deposits (Stevenson and McMillan, 2004). The northerly 177 
distribution of diamonds along the West Coast is attributed to the strong northerly-directed 178 
ocean currents, waves, winds and longshore drift, operating over a shallow coastal shelf in a 179 
semi-arid climatic environment (e.g., Bluck et al., 2005). These factors caused reworking of 180 
older beach deposits and concentration of diamonds northwards. Similarly, diamonds 181 
transported by the proto-Orange River have been reworked northwards along the Namibian 182 
Coast, with limited contributions to Namaqualand placer deposits (e.g., Bluck et al., 2005). 183 
 184 
Sample Selection 185 
 186 
A total of 84 detrital diamonds, containing clinopyroxene inclusions, were collected from run-187 
of-mine Namaqualand productions by staff of the Geology Section of the Diamond Trading 188 
Company, RSA (Pty) Ltd, Kimberley (Table 2). The diamonds originate from onshore locations 189 
within the Keinzee and Koignaas licence areas between Hondeklipbaai and Port Nolloth (~80 190 
– 200 km south of the Orange river mouth; Fig. 1). The diamonds are mostly pale yellow to 191 
pale brown with characteristic, variably resorbed, ‘rounded dodecahedral’ morphologies. All 192 
diamonds were examined under a binocular microscope to ensure that the inclusions were 193 
totally enclosed by diamond and free of alteration. 194 
The clinopyroxene inclusions were released by individually crushing the host diamond in 195 
a steel anvil device (Fig. 3). Some inclusions were recovered intact, but, the majority broke into 196 
fragments in the range 100 – 300 m in in length (Tables 2, 3). Several stones contained 197 
multiple inclusions, some of which were analysed separately (Tables 2, 3). All inclusions were 198 
characterised by imposed cubo-octahedral morphologies, indicating a syn-genetic origin with 199 
the host diamond (e.g., Harris, 1992). Clinopyroxene inclusions from the study were assigned 200 
to peridotitic or eclogitic parageneses based on colour; the former being characteristically 201 
emerald-green Cr-diopside and the latter being pale green in colour, with omphacitic 202 
compositions (e.g., Meyer, 1987; Phillips et al., 2004). Inclusions from a small number of 203 
diamonds (n = 4) contained negligible potassium and may have been pale green enstatite 204 
inclusions. 205 
 206 
Analytical Methods 207 
 208 
Clinopyroxene inclusions, extracted from their host diamonds, were analysed in two separate 209 
batches, using different mass spectrometer systems. Batch A inclusions (NQ1 – NQ48) were 210 
analysed in 2008 (MM5400 mass spectrometer), with batch B (NQ100 – NQ135) inclusions 211 
analysed in 2016 (ARGUSVI multi-collector mass spectrometer). All inclusions were 212 
ultrasonically cleaned in de-ionised water and acetone and then individually wrapped in 213 
aluminium foil packets and placed in a quartz glass vial, together with interspersed aliquots of 214 
irradiation monitors. Batch A inclusions were packaged with aliquots of the irradiation monitor 215 
GA1550 biotite (99.125 ± 0.076 Ma; Phillips et al., 2017), plus packets of CaF2 and K-glass to 216 
monitor contributions from interfering isotopes. These packages were irradiated in two cans 217 
(UM#2, 16 hrs; UM#3, 28 hrs), in position 5c of the McMaster University Research reactor, in 218 
Hamilton, Ontario. Packets of Batch B inclusions were interspersed with aliquants of the Fish 219 
Canyon Tuff (FCT) sanidine monitor (28.126 ± 0.019 Ma; Phillips et al., 2017) and irradiated 220 
in the CLICIT facility of the Oregon State University TRIGA (OSTR) reactor (UM#68; 100 221 
hrs). 222 
After irradiation and cooling, inclusions were loaded into copper sample trays, which 223 
were placed in vacuum ports and baked at ~120°C for 24 hours. 40Ar/39Ar analyses were 224 
conducted at the University of Melbourne. Analytical procedures for Batch A inclusions were 225 
analogous to those described by Phillips et al. (2004) and Phillips and Harris (2008). In this 226 
case, laser step-heating was achieved using a defocused Spectron Nd-YAG laser and argon 227 
isotopic analyses were carried out on a MM5400 mass spectrometer, equipped with a Daly 228 
detector. Protocols for analysis of Batch B inclusions are described in Phillips & Matchan 229 
(2013) and Phillips et al. (2017). Here, 40Ar/39Ar analyses were carried out using a multi-230 
collector Thermo Fisher Scientific ARGUSVI mass spectrometer linked to a stainless-steel gas 231 
purification line and a Photon Machines Fusions 10.6 CO2 laser system. 232 
233 
40Ar/39Ar results 234 
235 
40Ar/39Ar step-heating and fusion results for clinopyroxene inclusions extracted from Batch A 236 
(NQ1 – NQ48) and Batch B (NQ100 – NX135) Namaqualand detrital diamonds are 237 
summarised in Tables 2 and 3. Detailed 40Ar/39Ar analytical data are tabulated in tables A1 and 238 
A2 (electronic appendix). Ages were calculated using the atmospheric argon composition of 239 
Lee et al. (2006) and the decay constants of Steiger and Jäger (1977). Unless otherwise stated, 240 
errors are listed with two sigma (2) uncertainties.  241 
In most cases, larger inclusion fragments from individual diamonds were combined in 242 
two- to three-step heating experiments, whereas smaller inclusion fragments were fused in 243 
single-step analyses. Three diamonds (NQ9, NQ26, NQ101) contained sufficiently large 244 
inclusions to analyse two aliquots in separate step-heating experiments. Weights of 245 
clinopyroxene inclusions from each diamond were estimated using measured dimensions of 246 
inclusion fragments (assuming a density of 3.3 g.cm-3) and from Ca/K ratios calculated from 247 
40Ar/39Ar step-heating data (see Burgess et al., 1992 for calculation details). For inclusions 248 
confirmed as clinopyroxene, uncertainties associated with these calculations are estimated at 249 
ca. ~30%. Results from the two methods are broadly concordant, although the dimensional 250 
calculations give consistently larger inclusion weights (Table 2). Aliquot weights for Batch A 251 
and B inclusions range from 2 to 508 g and 3 to 248 g, respectively (Table 2). 252 
Potassium contents were estimated from Ca/K ratios determined from argon isotopic 253 
analyses (Table A1) and assumed Ca contents for clinopyroxene (10 wt.% Ca in eclogitic and 254 
14 wt.% Ca in peridotitic clinopyroxene, respectively; see Phillips et al., 2004a for details). 255 
Estimated potassium contents for Batch A inclusions vary from 46 ppm to 14,436 ppm, with a 256 
mean value of 2643 ppm (Table 2). Batch B inclusions exhibit potassium levels of 155 ppm to 257 
6302 ppm, with a mean value of 2749 ppm (Table 2). There are no systematic differences in K 258 
content between peridotitic and eclogitic inclusions. These values are analogous to those 259 
determined from previous 40Ar/39Ar studies of clinopyroxene inclusions in diamonds (e.g. 260 
Burgess et al., 1992; Phillips et al., 2004a; Phillips and Harris, 2008; Laiginhas et al., 2008) and 261 
are also consistent with electron microprobe data for clinopyroxene inclusions from a study of 262 
Namibian detrital diamonds (249-3000 ppm K; average = 1879 ppm; Loest et al., 2003). 263 
Inclusions from three Batch A and one Batch B diamonds yielded negligible 39ArK, suggesting 264 
that they were not clinopyroxene, but rather pale green enstatite (Table 2). 265 
The multi-collector ARGUSVI (Batch B) results are significantly more precise (>10x) 266 
than those determined using the older generation MM5400 system (Batch A). This is due to a 267 
combination of improved pre-treatment routines (low temperature laser heating), which reduced 268 
atmospheric contamination and increased radiogenic 40Ar* yields, and high precision multi-269 
collection analyses (see Phillips and Matchan, 2013 and Phillips et al., 2017 for more details). 270 
In general, the larger, more potassium-rich inclusions yielded more robust age results (Table 271 
2). Several smaller and/or potassium-poor inclusions produced insufficient 39ArK or 
40Ar* for 272 
accurate age determination and only those age results with uncertainties of <50% are plotted in 273 
Figure 4. With one exception (NQ109), low temperature steps exhibit older apparent ages than 274 
high temperature steps (Table A1). This is attributed to retention of small quantities of pre-275 
eruption 40Ar within the inclusion during the diamond’s residence in the mantle. Alternative 276 
explanations, such as recoil loss of 39ArK (i.e. 
39Ar ejected from inclusion margins during 277 
neutron irradiation with an average recoil distance of ~0.1m; Turner and Cadogan, 1974), are 278 
not consistent with the non-systematic variations in 40Ar*/39Ar ratios and/or the relatively large 279 
size of the inclusions. NQ109 is the only inclusion analysed that yielded a low-temperature 280 
apparent age (120.6 ± 15.5 Ma) that is distinctly younger than the fusion age (227.7 ± 7.0 Ma); 281 
reasons for this anomaly are unclear. As the inclusion ages are considered to be maximum 282 
estimates for the time of the host magma eruption, the youngest ages (i.e., high-temperature 283 
fusion steps) provide the closest approximation for the timing of source kimberlite/ orangeite 284 
emplacement (see Phillips and Harris, 2009). 285 
Of the Batch A inclusion aliquots analysed, 33 of 48 yielded ages with uncertainties <50% 286 
(Table 3), and apparent ages ranging from 117.5 ± 43.6 Ma to 3684 ± 191 Ma (2) (Fig. 4a). 287 
Six inclusions (18%) have ages that are within error of, or older than 300 Ma (Dwyka Group 288 
deposition age) and five inclusions (15%) are older than 500 Ma (Fig. 4a). The majority (31 of 289 
36) of Batch B inclusion aliquots yielded sufficient 39ArK for reliable age determination, with 290 
values ranging from 120.6 ± 15.4 Ma to 688.8 ± 4.9 Ma (2) (Table 3). Of these, 7 of 31 exhibit 291 
apparent ages within error, or older than 300 Ma, whereas only two inclusions display ages 292 
older than 500 Ma (Fig. 4b; Table 3). As expected for multi-collector ARGUSVI data, the Batch 293 
B data are characterised by significantly smaller uncertainties than the Batch A results. 294 
Where argon yields were significant, inclusion aliquots generally yielded analogous Ca/K 295 
ratios for low and high temperature steps, indicating homogeneous compositions (Table 3). The 296 
few inclusions with more diverse Ca/K values may result from the presence of additional 297 
intergrowth phases (e.g., garnet; Phillips et al., 2004b). There are no obvious correlations 298 
between apparent ages and sample weights, potassium contents, Ca/K ratios or inclusion 299 
paragenesis (Table 3). 300 
In summary, it is noteworthy that all Batch B ages are distinctly older than 100 Ma, with 301 
most ages in the interval 100 – 300 Ma (Fig. 4b). Similarly, none of the Batch A inclusions 302 
yielded absolute ages younger than 100 Ma, although four aliquots have relatively large 303 
uncertainties that extend to less than 100 Ma (Fig. 4a). 304 
 305 
Discussion 306 
 307 
40Ar/39Ar clinopyroxene inclusion ages 308 
 309 
The two batches of clinopyroxene inclusions from Namaqualand diamonds yielded similar 310 
apparent age distributions, with overall apparent ages ranging from 117 ± 39 Ma to 3.8 ± 0.2 311 
Ga (Table 2). As noted above, previous 40Ar/39Ar studies of clinopyroxene inclusions in 312 
diamonds from kimberlites of known age (i.e. ca.90 Ma Orapa, ca.240 Ma Jwaneng, ca.1200 313 
Ma Premier kimberlites) demonstrated that up to 100% of the 40Ar* produced in the mantle 314 
prior to host emplacement is lost during inclusion extraction (Fig. 2; Phillips et al., 1989; 315 
Phillips et al., 2004a; Phillips and Harris, 2008). However, as many inclusions retain some 316 
proportion of the pre-emplacement 40Ar* (possibly in defect sites), the inclusion ages must be 317 
considered maximum estimates of host kimberlite/orangeite emplacement. At the same time, 318 
the Orapa study showed that most extracted inclusions have lost >90% of their pre-319 
emplacement 40Ar*, assuming diamond formation ages of >1.1 Ga (e.g., Richardson et al., 320 
1999, 2001). 321 
 322 
Constraints on diamond provenance 323 
 324 
As summarised in Table 1, known diamondiferous kimberlites in the Namaqualand hinterland 325 
range in age from ca.80 to 1350 Ma, with distinct peaks in activity at ca.80-90 Ma, ca.240 Ma, 326 
ca.500 Ma, ca.1200 Ma and ca.1350 Ma (see summary by Jelsma et al., 2008). In contrast, 327 
diamond-bearing orangeites are limited to the interval 115 – 200 Ma (Table 1; Jelsma et al., 328 
2008). Pre-Dwyka kimberlites are all older than ca.500 Ma, with post-Dwyka kimberlites 329 
restricted to the ca.80-90 Ma and ca.240 Ma kimberlite clusters.  330 
The majority of Namaqualand clinopyroxene inclusion ages (>90%) are younger than 331 
500 Ma (the youngest known pre-Karoo kimberlites) (Tables 2, 3). Being maximum age 332 
constraints, the current results indicate that the vast majority of Namaqualand diamonds were 333 
sourced from post-Dwyka kimberlites and/or orangeites (Fig. 1); these include the ca.80-90 Ma 334 
group of kimberlites, the ca.115-200 Ma orangeites and the ca.240 Ma Jwaneng kimberlite 335 
cluster (Table 1). This finding accords with previous age results for clinopyroxene-bearing 336 
diamonds from the Namibian placer deposit north of the Orange River (Phillips and Harris, 337 
2009). Therefore, these data do not support suggestions that significant quantities of detrital 338 
diamonds in the Namibian and Namaqualand deposits originate from erosion of secondary 339 
sedimentary sources such as the ca. 300 Ma Dwyka tillite deposits and/or older West Coast 340 
sedimentary successions, such as the Nama and Cape Supergroups (e.g., Moore and Moore, 341 
2004). 342 
There are, however, subtle differences in age distributions between the Namibian and 343 
Namaqualand clinopyroxene inclusions. Approximately 31% (14 of 45) of Namibian inclusions 344 
produced ages within error of ca.80-90 Ma kimberlites (Phillips and Harris, 2009). Although 345 
~18% (8 of 45) of these ages are also within 2-uncertainty of the youngest diamond-bearing 346 
orangeites (ca.115 Ma), 13% (6 of 45) have smaller uncertainties and can only be derived from 347 
the ca.80-90 Ma kimberlites. Based on a direct comparison between the Orapa and Namibian 348 
clinopyroxene age distributions, Phillips and Harris (2009) suggested that the Namibian detrital 349 
deposit includes roughly equal proportions of diamonds from ca.80-90 Ma kimberlites and 350 
ca.115-200 Ma orangeites. In contrast to the Namibian inclusion ages, only three of the Batch 351 
A Namaqualand inclusion ages are within 2-uncertainty of 90 Ma; and none can be assigned 352 
unequivocally to the 80-90 Ma age group. The higher precision Batch B results are more 353 
definitive, with no ages within error of 90 Ma. Although we cannot rule out the possibility of 354 
ca.80-90 Ma kimberlites contributing to the Namaqualand diamonds, this analysis suggests that 355 
most Namaqualand diamonds were instead eroded from slightly older primary sources, with the 356 
ca.115-200 Ma orangeites being the most likely candidates. 357 
Notwithstanding the above arguments, it is still possible that a small proportion of 358 
diamonds may have originated from pre-Dwyka kimberlites (or undiscovered orangeites). 359 
Known pre-Karoo diamond-bearing kimberlites in southern Africa include the ca.500 Ma 360 
Marnitz, Venetia, Murowa and Colossus kimberlites in northern South Africa and Zimbabwe, 361 
the ca.1.2 Ga Premier cluster near Cullinan, South Africa, and the ca.1.35 Ga Martin’s Drift 362 
kimberlites in eastern Botswana (Table 1). Taking account of the large uncertainties associated 363 
with some inclusion ages, Phillips and Harris (2009) concluded that <5% (2 of 45) of ages from 364 
Namibian inclusions are within error, or older than 500 Ma. This is analogous to the small 365 
proportion (9%) of Namaqualand inclusion ages ≥500 Ma (Tables 2, 3). Therefore, it is feasible 366 
that ≥500 Ma kimberlites contributed a small fraction (<10%) of West Coast detrital diamonds, 367 
either transported to the West Coast directly, or via secondary sedimentary sources such as the 368 
Dwyka tillite. It is also possible that a very minor fraction of the diamonds (one of 84; 1%) 369 
could have been reworked from the ca.2.7-3.1 Ga Witwatersrand Basin (e.g., Smart et al., 370 
2016). However, a small proportion of clinopyroxene inclusions from Orapa and Jwaneng 371 
diamonds (where eruption ages are known) exhibit apparent ages up to 1.0 Ga older than the 372 
time of host emplacement (Phillips et al., 2004a, Phillips and Harris, 2008); therefore, it is 373 
equally likely that the elevated apparent ages simply reflect greater retention of pre-eruption 374 
argon in the diamonds.  375 
 376 
 Paleo-drainage constraints on diamond transport 377 
 378 
A number of paleo-drainage reconstructions have been proposed for the post-Gondwanan 379 
evolution of southern Africa’s river systems. For example, Dingle and Hendey (1984) suggested 380 
that the post-Gondwana Orange River initially established its conduit to the Atlantic Ocean, 381 
before switching to a more southerly outlet close to the current Olifants River mouth during the 382 
Paleogene, and then returning to its current position in the Neogene. More recent studies have 383 
favoured the early establishment of two separate River systems in the Late Cretaceous, a 384 
northerly ‘Kalahari’ River that followed a course similar to the current Molopo River with an 385 
outlet near the modern Orange River, and a ‘Karoo’ River to the south, which drained the 386 
interior of the Kaapvaal craton and flowed into the Atlantic adjacent to the current Olifants 387 
River mouth (Fig. 5a) (e.g., Partridge, 1998; de Wit, 1993, 1999; de Wit et al., 2000). De Wit 388 
(1993, 1999) suggested that the Karoo River was then captured by the Kalahari River to 389 
establish the current Orange River system during the Neogene. However, studies of the off-390 
shore sequence stratigraphy along the Atlantic coast show the presence of two significant paleo-391 
deltas associated with the precursor Orange (ca.70-93 Ma) and Olifants River deltas (ca.93-112 392 
Ma) (e.g., Brown et al., 1995; Aizawa et al., 2000). Given the difference in delta formation 393 
ages, Bluck et al. (2005) suggested that the Karoo River only persisted to the Late Cretaceous 394 
and that the modern Orange River drainage system was established by ca.95 Ma and has 395 
remained largely unchanged since this time (e.g., Ward and Bluck, 1997) (Fig. 5b). The latter 396 
scenario is consistent with thermochronological constraints on regional denudation events (e.g., 397 
Gallagher and Brown, 1999; Brown et al., 1999) and implies that the Namaqualand diamonds 398 
were eroded from sources such as the ca.115-200 Ma orangeites and older kimberlites, to the 399 
exclusion of the 80-90 Ma kimberlites (Bluck et al., 2005). 400 
401 
Formation of the Namaqualand and Namibian diamond placers 402 
403 
The combined evidence from the 40Ar/39Ar inclusion results, paleo-drainage reconstructions 404 
and diamond size distribution data permit the development of a comprehensive model for the 405 
formation and evolution of the Namaqualand and Namibian detrital diamond deposits. The 406 
available data indicate that the vast majority of Namaqualand diamonds were likely sourced 407 
from Early Cretaceous to Jurassic orangeites located on the Kaapvaal Craton. These diamonds 408 
were transported to the West Coast by the Early Cretaceous Karoo River with its outlet close to 409 
the modern Olifants River (Fig. 5a). Prevailing north-directed ocean currents then reworked the 410 
diamonds northwards along the Namaqualand coast, forming successive beach terraces and 411 
alluvial deposits in response to relative sea-level fluctuations. Smaller local Rivers draining the 412 
interior of Namaqualand may also have reworked earlier alluvial deposits, thereby establishing 413 
local diamond sub-populations and size distributions (e.g. Bluck et al., 2005). Assuming that 414 
the inclusion-bearing diamonds analysed in this study are representative of the Namaqualand 415 
diamond population as a whole, contributions from the Dwyka Group sediments and, hence 416 
older kimberlites, were minimal. 417 
 As described by Phillips and Harris (2009), the 40Ar/39Ar inclusion data and paleo-418 
drainage patterns indicate that the Namibian diamond deposit probably formed subsequent to 419 
establishment of the ‘modern’ Orange River drainage in the Late Cretaceous (post ~95 Ma). 420 
Widespread drainage of the Kaapvaal Craton likely sourced the majority of diamonds from 80-421 
90 Ma kimberlites, with additional contributions from already partially eroded ca.115-200 Ma 422 
orangeites. After transport of the diamonds to the coast by the Orange River drainage system, 423 
the diamonds were reworked into successively younger beach terraces and River gravels along 424 
the Namibian Coast and lower Orange River, respectively (e.g. Bluck et al., 2005). It is also 425 
possible that capture of the Karoo River by the Orange River drainage might have reworked 426 
earlier orangeite diamonds along the proposed Koa River (e.g., de Wit, 1999).  427 
Finally, the purported Kalahari River is thought to have drained areas of southern 428 
Botswana (e.g., de Wit, 1999). Therefore, it is possible that diamonds from the Jwaneng 429 
kimberlite cluster might were also transferred to the Namibian placer deposit and reworked into 430 
younger beach deposits. However, it is not possible to distinguish this age population with 431 
confidence from the available 40Ar/39Ar inclusion data as ages approaching ca.240 Ma could 432 
also result from pre-eruption 40Ar* retained in diamonds from younger orangeites and 433 
kimberlites (Table 2).  434 
 435 
Conclusions 436 
 437 
Two batches of clinopyroxene inclusions extracted from Namaqualand detrital diamonds 438 
exhibit apparent ages consistent with the derivation of most diamonds (>85%) from ca.115-200 439 
Ma orangeites located on the Kaapvaal Craton. Therefore, few, if any Namaqualand diamonds 440 
are likely to be eroded from the ca.300 Ma Dwyka tillites and, hence, older kimberlites. Paleo-441 
drainage reconstructions support transport of the diamonds to the Namaqualand Coast by the 442 
‘paleo-Karoo’ River. Capture of this River system by the ‘paleo-Kalahari’ River in the Late 443 
Cretaceous, to the form modern Orange River system, facilitated formation of the Namibian 444 
diamond placer, with diamonds sourced from Cretaceous-Jurassic kimberlites and orangeites 445 
on the Kaapvaal Craton. 446 
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Figure captions: 634 
 635 
Fig. 1 Locality map of southern Africa showing the outline of the Archean Kaapvaal Craton, 636 
the Dwyka Group outcrop (blue), younger Karoo Basin lithologies (green), the 637 
Namibian and Namaqualand diamond placer deposits, and the distribution of 638 
kimberlites and related rocks (modified from Ayers et al., 1998; Jelsma et al., 2004; 639 
and Jacobs et al., 2008). Some individual kimberlite and orangeite localities are shown 640 
in figure 5, 641 
 642 
Fig. 2 Schematic diagram illustrating argon diffusion from clinopyroxene (cpx) inclusions in 643 
diamond. Under high temperature conditions (in the mantle or kimberlite melt), most 644 
radiogenic 40Ar (40Ar*), produced by decay of 40K in clinopyroxene, diffuses to the 645 
diamond/inclusion interface zone. Low, post-eruption temperatures permit retention of 646 
40Ar* in clinopyroxene. Therefore, 40Ar/39Ar analyses of extracted inclusions give ages 647 
approaching the time of kimberlite (or related rock) emplacement. Acquisition of 648 
genesis ages requires laser drilling and fusion of the clinopyroxene inclusion, to 649 
sample both inclusion and interface argon reservoirs (e.g., Burgess et al., 2004). 650 
 651 
Fig. 3 Photo showing peridotitic clinopyroxene inclusion fragments extracted from diamond 652 
NQ109, Namaqualand detrital diamond deposits. Note the emerald green colour 653 
characteristic of Cr-diopside, and the small black graphite crystals on inclusion 654 
surfaces, indicating a decrease in internal pressure (see Phillips et al., 2004a for 655 
discussion). 656 
 657 
Fig. 4a 40Ar/39Ar high temperature apparent ages for clinopyroxene inclusions extracted from 658 
Namaqualand detrital diamonds and analysed using an MM5400 mass spectrometer. 659 
The data are plotted in age order. Also shown are the age ranges for Late Cretaceous 660 
(Group I) kimberlites and orangeites (aka Group II kimberlites), as well as U-Pb 661 
zircon constraints on the timing of Dwyka tillite deposition (e.g. Stollhofen et al., 662 
2008). Error bars indicate 2-uncertainties in age determinations. 663 
 664 
Fig. 4b 40Ar/39Ar high temperature apparent ages for clinopyroxene inclusions extracted from 665 
Namaqualand detrital diamonds and analysed using a multi-collector ARGUSVI mass 666 
spectrometer. The data are plotted in age order. As above, age ranges are shown for 667 
Late Cretaceous Group I kimberlites and orangeites, and the timing of Dwyka tillite 668 
deposition (Stollhofen et al., 2008). Error bars indicate 2-uncertainties in ages. 669 
 670 
Fig. 5a Reconstructed paleo-drainage patterns for southern Africa in the Cretaceoous period, 671 
prior to ~90 Ma, infer the existence of a northerly ‘Kalahari’ River and a southerly 672 
‘Karoo’ River, both flowing westward from the hinterland (modified from de Wit et 673 
al, 1999). Kimberlite locality information is as follows (filled blue symbols indicate 674 
major kimberlite mines; open symbols are orangeites): F=Finsch (ca.118 Ma); L=Lace 675 
(ca.132 Ma); D = Dokolwayo (ca.200 Ma); J=Jwaneng (ca.240 Ma); P=Premier 676 
(~1200 Ma). Kimberlite ages are from Jelsma et al. (2004) and references therein. 677 
 678 
Fig. 5b Palaeo-drainage reconstruction for the Late Cretaceous to early Paleogene period, 679 
when the Orange River is purported to have captured the ‘Karoo’ River (modified 680 
from de Wit, 1999). Kimberlite locality information as per Fig.5a. Additional post-90 681 
Ma kimberlites include: K=Kimberley (ca.85 Ma); Kof=Koffiefontein (ca.90 Ma); 682 
Mo=Monastery (ca.86 Ma). Kimberlite ages are from Jelsma et al. (2004) and 683 
references therein. 684 
 685 
Rock type Age (Ma) Location Locality examples
Kimberlite 80 - 90 Southern Africa Kimberley, Orapa
Orangeite 118 - 122 Barkley West, South Africa Newlands, Finsch, Pniel
Orangeite 128 - 132 Kroonstad, South Africa Voorspoed, Lace, Besterskraal
Orangeite 140 - 145 Swartruggens, South Africa Swartruggens dykes
Orangeite ~200 Swaziland Dokolwayo pipe
Kimberlite ~240 Southern Botswana Jwaneng DK2 pipe
Kimberlite 500 - 530 South Africa, Zimbabwe Marnitz, Venetia, Colossus
Kimberlite ~1200 Cullinan, South Africa Premier pipe
Kimberlite ~1350 Southeast Botswana Martins Drift cluster
Table 1  Available age data for known diamondiferous kimberlites and orangeites in southern Africa
Kinny et al. (1989)
Allsopp et al. (1985); Phillips et al. (1999)
Kramers and Smith (1983)
Pers. Comm. In Jelsma et al. (2004)
References
Allsopp and Barrett (1975); Davis (1977)
Smith et al. (1985); Phillips et al. (1991)
Phillips et al. (1998, 1999)
Allsopp and Barrett (1975); Phillips (1991)
Allsopp and Roddick (1984)
Table1 Click here to download Table Table 1.xlsx 
Table 2  Sample attributes of Batch A clinopyroxene inclusions extracted from Namaqualand detrital diamonds.
Sample Paragenesis Mineral No Size of inclusions Estimated Estimated Estimated Total-gas High Temp
No Inclusion  (microns) weight
a
weight
b
K (ppm)
c
age (Ma) age (Ma)
fragments (mg)  (mg) (±2s) (±2s)
NQ1 Peridotitic cpx 3 200x200x150; 300x200x100; 300x200x100 59 27 14436 155.2 ± 3.4 150.8 ± 2.4
NQ2 Peridotitic cpx 1 200x200x100 13 11 420 169 ± 162 154 ± 90
NQ3 Eclogitic cpx 2 120x100x100; 100x80x80 6 5 3182 469 ± 74 183 ± 19
NQ4 Peridotitic enstatite 3 100x100x60; 150x100x60; 100x100x20 6 nd
d
nd
d
344 ± 266 nd
d
NQ5 Eclogitic cpx 3 200x200x100; 200x100x100; 200x100x100 26 5 1509 166 ± 92 167 ± 38
NQ6 Eclogitic cpx 3 500x200x30; 200x200x30; 150x50x30 15 31 3516 184.9 ± 9.0 175.2 ± 5.6
NQ7 Peridotitic cpx 1 120x100x100; 100x80x80 6 3 2290 nd 102 ± 68
NQ8 Eclogitic cpx 2 300x200x100; 300x200x50 30 28 3470 279 ± 12 261.1 ± 7.0
NQ9 Eclogitic (?) cpx (?) 2 700x200x100; 400x300x200 79 4 1837 nd nd
NQ10 Eclogitic (?) cpx (?) 2 500x400x300; 200x120x120 208 82 438 283 ± 30 150 ± 16
NQ11 Peridotitic cpx 1 500x200x200 66 1 386 nd nd
NQ12 Eclogitic cpx 3 200x160x100; 160x100x80; 200x150x100 25 22 3955 299.8 ± 9.0 252.2 ± 5.2
NQ13 Eclogitic cpx 2 700x500x300; 500x400x150 446 203 1781 168.4 ± 3.4 131.4 ± 2.2
NQ14 Eclogitic cpx 6 300x200x80; 300x100x50; 200x200x60; 28 24 3749 189 ± 10 188.6 ± 6.2
200x150x50; 120x120x80; 100x100x50
NQ15 Eclogitic (?) cpx (?) 2 400x300x150; 400x300x100 99 3 500 nd nd
NQ16 Eclogitic cpx 2 250x200x200; 150x120x100 39 30 803 1351 ± 58 1341 ± 38
NQ17 Peridotitic cpx 1 200x100x100 7 8 1995 200 ± 52 192 ± 30
NQ18 Eclogitic cpx 6 200x120x100; 200x100x50; 120x100x150; 22 16 1868 188 ± 26 194 ± 15
120x80x80; 80x80x60; 80x80x60;
NQ19 Eclogitic cpx 1 200x120x100 8 6 3354 160 ± 40 117 ± 44
NQ20 Eclogitic cpx 8 250x200x150; 250x100x100; 150x100x80 47 33 2510 201 ± 13 150.0 ± 7.0
100x100x80; 100x100x80; 100x80x80; 
100x80x50; 80x80x50
NQ21 Peridotitic cpx 3 200x100x120; 120x100x50; 120x120x100 15 21 2735 122 ± 14 124.9 ± 8.0
NQ22 Peridotitic cpx 2 100x80x50; 100x50x50 2 1 2730 nd nd
NQ23 Eclogitic cpx 4 250x200x60; 150x150x50; 200x100x80; 24 16 684 323 ± 88 193 ± 51
200x100x80
NQ24 Peridotitic cpx 3 300x250x80; 300x200x120; 200x100x100 50 1 1565 361 ± 320 nd
NQ25 Eclogitic cpx 6 350x200x100; 300x200x150; 200x100x100; 95 100 4403 911.9 ± 8.8 811.4 ± 6.4
250x200x150; 150x100x100; 200x120x80
NQ26 Eclogitic cpx 6 650x500x250; 450x275x200; 350x300x200; 508 396 3071 255.1 ± 2.6 245.9 ± 2.0
300x200x200; 300x200x200; 200x120x120
NQ27 Eclogitic (?) cpx (?) 2 300x200x100; 300x200x200 59 <1 6587 nd 2268 ± 562 
NQ28 Eclogitic 2 500x300x200; 300x120x100 111 111 2731 267.3 ± 5.6 260.0 ± 4.4
NQ29 Eclogitic 2 400x300x200; 300x200x100 99 52 5045 171.2 ± 7.6 120.1 ± 6.2
NQ30 Eclogitic 9 350x200x100; 300x100x100; 400x300x100; 161 156 1869 191.9 ± 3.6 193.5 ± 4.4
400x300x100; 150x100x100; 400x200x60;
250x150x100; 150x120x100; 200x100x60;
200x100x80
NQ31 Peridotitic 2 300x200x100; 200x200x150 20 36 279 152 ± 106 nd
NQ32 Eclogitic 6 400x300x200; 500x400x350; 200x200x50; 331 127 46 3921 ± 180 3679 ± 195
150x100x50; 150x100x100; 200x200x50
NQ33 Eclogitic 3 600x400x400; 400x300x150; 200x200x150 396 222 1551 247.3 ± 5.6 231.2 ± 4.6
NQ34 Peridotitic 1 500x300x200 99 47 1011 142 ± 27 118 ± 26
NQ35 Eclogitic 3 200x200x70; 100x100x70; 200x100x100 18 15 501 824 ± 234 455 ± 276
NQ36 Eclogitic 1 100x100x80 3 3 4863 136 ± 37 136 ± 37
NQ37 Eclogitic 1 450x400x200 119 148 4216 262 ± 13 262 ± 12
NQ38 Eclogitic 2 300x200x200; 300x200x200 79 32 nd nd nd
NQ39 Peridotitic 3 100x100x100; 100x50x50; 150x100x100 9 3 5666 103 ± 42 117 ± 39
NQ40 Eclogitic 3 200x100x100; 200x100x30; 150x100x30 10 9 972 174 ± 83 236 ± 69
NQ41 Eclogitic 1 400x200x200 53 39 512 1634 ± 75 920 ± 119
NQ42 Peridotitic 2 400x300x100; 300x300x100 69 49 2956 252 ± 14 238 ± 12
NQ43 Eclogitic 9 300x200x150; 250x200x100; 250x120x100; 63 32 950 170 ± 50 162 ± 36
100x100x50; 100x100x30; 100x50x50;
100x50x50; 100x80x50; 100x50x50
NQ44 Peridotitic 6 200x200x50; 200x200x100; 180x120x100; 31 18 3012 242 ± 129 140 ± 60
150x100x50; 100x50x50; 100x50x50
NQ45 Peridotitic enstatite 1 250x150x100 12 nd nd nd nd
NQ46 Eclogitic cpx (?) 2 200x200x60; 200x100x60 12 nd nd nd nd
NQ47 Peridotitic enstatite 1 200x100x50 3 <1 nd nd nd
NQ48 Peridotitic cpx 9 500x300x200; 400x200x100; 300x200x50; 177 117 221 nd nd
200x100x50; 200x200x100; 200x200x100; 
200x100x60; 100x100x80; 200x150x50
a 
Inclusion weights estimated from size measurements, assuming a density of 3.3 g.cm
-3
.
b 
Weight (mg) = (4.01 x 10
9
) x (moles
37
ArCaK/Ca) x (l/le) x (K/
40
K) x (a/J), where a = 1.8 ± 0.1; (Ca)
ECpx
 = 10 wt.%; (Ca)PCpx = 14 wt.%.
c 
K (ppm) = 9756 x (Ca)Cpx x (K/Ca)unk; (Ca)ECpx = 10 wt.%; (Ca)PCpx = 14 wt.%. 
d 
nd = not determined.
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Table 3  Sample attributes of Bacth B clinopyroxene inclusions extracted from Namaqualand detrital diamonds. 
Sample Paragenesis Mineral No Size of inclusions Estimated Estimated Estimated Total-gas High Temp
No Inclusion  (microns) weight
a
weight
b
K (ppm)
c
age (Ma) age (Ma)
fragments (mg)  (mg) (±2s) (±2s)
NQ100 Eclogitic cpx 7 300x300x150, 200x100x100, 200x150x100 71 40 4443 312.8 ± 8.8 290.4 ± 2.0
cpx 100x100x60, 150x100x80, 150x100x80
NQ101a Eclogitic cpx 1 300x200x150 30 45 1464 272.9 ± 4.8 227.9 ± 2.0
NQ101b 1 300x250x200 49 12 153.1 ± 6.0 137.2 ± 5.2
NQ102 Peridotitic cpx 1 200x150x100 10 5 3701 289.5 ± 5.8 254.3 ± 3.2
NQ103 Peridotitic cpx 1 400x200x100 26 13 287 193 ± 16 193 ± 16
NQ104 Eclogitic cpx 1 100x100x100 3 1 5687 343.0 ± 4.8 343.0 ± 4.8
NQ105 Peridotitic cpx 1 500x300x150 74 41 200 140 ± 13 140 ± 13
NQ106 Not recovered cpx 7 250x200x150, 200x150x100, 150x100x100 58 nd
d
nd
d
nd
d
nd
d
100x80x80, 200x100x100, 200x100x50
200x100x100
NQ107 Eclogitic cpx 1 200x200x200 26 12 1831 324.9 ± 2.0 324.9 ± 2.0
NQ108 Eclogitic cpx 3 200x250x60, 300x200x100, 200x100x100 36 25 3874 239.6 ± 0.4 239.6 ± 0.4
NQ109 Peridotitic cpx 12 450x300x140, 400x150x100:,150x100x100 143 86 291 208.3 ± 7.0 227.2 ± 5.2
350x150x100, 300x150x100, 100x100x100
120x100x100, 200x100x100, 200x100x50
100x50x50, 100x50x50,100x50x50
NQ110 Peridotitic cpx 3 300x200x150, 200x200x100, 200x100x100 56 29 5483 303.2 ± 0.6 303.2 ± 0.6
NQ111 Eclogitic cpx 3 500x100x50, 350x100x60, 200x200x200 42 51 4285 210.8 ± 0.8 210.8 ± 0.8
NQ112 Eclogitic cpx 5 350x250x120, 300x200x150, 100x100x80 76 36 5405 564.1 ± 1.0 564.1 ± 1.0
200x100x80, 200x100x50
NQ113 Peridotitic cpx 1 600x300x300 178 44 2601 236.8 ± 1.2 235.5 ± 0.6
NQ114 Peridotitic cpx 1 200x200x200 26 12 5083 239.5 ± 1.0 239.5 ± 1.0
NQ115 Eclogitic cpx 1 250x200x100 17 12 3183 194.8 ± 2.4 194.8 ± 2.4
NQ116 Peridotitic enstatite 1 100x100x100 3 nd nd nd nd
NQ117 Eclogitic cpx 1 250x150x100 12 10 2517 141.0 ± 3.6 141.0 ± 3.6
NQ118 Eclogitic cpx 2 200x100x100, 200x150x100 17 7 5870 186.9 ± 1.8 186.9 ± 1.8
NQ119 Eclogitic cpx 3 250x200x100, 200x100x80, 200x100x50 25 23 2451 127.0 ± 2.0 123.4 ± 1.6
NQ120 Peridotitic cpx 1 700x500x100 11 1 856 nd nd
NQ121 Eclogitic cpx 2 500x300x120, 200x150x100 69 41 3338 294.6 ± 4.2 254.4 ± 1.0
NQ122 Peridotitic cpx 2 350x150x100, 100x100x80 20 8 6302 152.1 ± 2.4 128.4 ± 1.8
NQ123 Peridotitic cpx 1 500x500x300 248 73 276 293 ± 13 283.0 ± 5.4
NQ124 Eclogitic cpx 2 350x200x200, 200x150x100 56 29 717 1399 ± 21 668.7 ± 5.0
NQ125 Peridotitic cpx 1 400x300x150 59 26 1862 29.0 ± 4.0 121.5 ± 3.4
NQ126 Eclogitic cpx 3 600x100x100, 100x100x60x 100x100x120 26 12 3675 247.9 ± 1.6 245.1 ± 1.0
NQ127 Eclogitic cpx 5 400x200x200, 300x200x200, 250x100x100 108 54 1755 264.3 ± 1.2 252.8 ± 0.6
150x150x50, 100x100x100
NQ128 Not recovered cpx 4 300x200x150, 300x100x100, 200x150x100 52 nd nd nd nd
150x100x50
NQ129 Eclogitic cpx 4 200x200x100, 200x100x50, 200x100x50 20 8 2110 186.8 ± 4.0 181.2 ± 3.8
100x100x50
NQ130 Eclogitic cpx 1 250x200x100 17 5 880 370 ± 38 287 ± 15
NQ131 Eclogitic cpx 1 200x200x200 26 20 2124 379.4 ± 4.6 365.2 ± 1.4
NQ132 Eclogitic cpx 1 350x150x100 17 6 1178 238 ± 15 240.3 ± 8.6
NQ133 Peridotitic cpx 1 400x200x100 26 4 155 191 ± 108 191 ± 108
NQ134 Eclogitic cpx 1 200x100x100 7 7 1163 178 ± 15 126.0 ± 8.4
NQ135 Eclogitic cpx 3 100x100x80, 120x100x50, 200x150x100 15 7 5666 191.4 ± 2.2 185.7 ± 1.4
a 
Inclusion weights estimated from size measurements, assuming a density of 3.3 g.cm
-3
.
b 
Weight (mg) = (4.01 x 10
9
) x (moles
37
ArCaK/Ca) x (l/le) x (K/
40
K) x (a/J), where a = 1.8 ± 0.1; (Ca)
ECpx
 = 10 wt.%; (Ca)PCpx = 14 wt.%.
c 
K (ppm) = 9756 x (Ca)Cpx x (K/Ca)unk; (Ca)Cpx = 10 wt.%, the average for eclogitic cpx inclusions in Orapa diamonds. 
d
nd = not determined.
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Table A1  MM5400 
40
Ar/
39
Ar analytical results for Batch A clinopyroxene inclusions from Namaqualand detrital diamonds
Sample Step Cum.%
40
Ar ±1σ
39
Ar ±1σ
38
Ar ±1σ
37
Ar ±1σ
36
Ar ±1σ Age
ID No
39
Ar (Ma)
Experiments with negligible 
40
Ar* or 
39
Ar in red text.
UM#2: J-Value
c
 = 0.004993 ± 0.000016
NQ1 1 0.8 0.9728 0.0051 0.0049 0.0003 0.0031 0.0007 0.0086 0.0016 0.0192 0.0011 3.1 0.6 41.7 83.10 8.45 626.1 53.8
2 100.0 11.0093 0.0535 0.5955 0.0022 0.0058 0.0024 3.2371 0.0357 0.0196 0.0019 9.5 0.1 94.7 17.52 0.14 151.3 1.2
Total
d
18.05 0.21 155.7 1.8
NQ2 1 32.0 0.5072 0.0038 0.0022 0.0001 0.0060 0.0006 0.0026 0.0019 0.0154 0.0014 2.0 1.5 10.3 23.65 19.38 201.3 156.1
2 100.0 0.5435 0.0043 0.0047 0.0002 0.0029 0.0006 1.2769 0.0124 0.0156 0.0008 477.3 23.2 15.4 17.92 5.47 154.6 45.2
Total 19.75 9.91 169.7 81.3
NQ3 1 9.4 1.4530 0.0086 0.0023 0.0002 0.0032 0.0008 0.0030 0.0025 0.0162 0.0015 2.3 2.0 67.0 429.35 45.83 2066 131
2 100.0 0.8853 0.0116 0.0219 0.0002 0.0014 0.0005 0.4205 0.0040 0.0141 0.0008 33.6 0.4 53.0 21.43 1.22 183.4 9.9
Total 59.67 5.40 470.4 37.5
NQ4 1 50.0 0.6773 0.0052 0.0022 0.0001 0.0036 0.0009 0.0043 0.0024 0.0179 0.0012 3.4 1.9 21.8 66.99 16.92 520.5 114.3
2 100.0 0.7433 0.0053 0.0022 0.0001 0.0036 0.0006 0.0015 0.0011 0.0239 0.0014 1.2 0.9 5.2 nd
e
nd
e
nd
e
nd
e
Total 42.23 18.04 345.2 134.2
NQ5 1 1.2 0.6430 0.0040 0.0002 0.0001 0.0019 0.0005 0.1350 0.0042 0.0218 0.0014 1570 1541 0.3 nd nd nd nd
2 5149.8 0.9022 0.0046 0.0124 0.0002 0.0013 0.0003 0.3301 0.0075 0.0223 0.0009 46.5 1.4 26.8 19.48 2.23 167.4 18.3
Total 19.42 5.62 166.9 46.1
UM#2: J-Value = 0.004992 ± 0.000018
NQ6 1 0.7 0.9467 0.0044 0.0011 0.0001 0.0020 0.0009 0.0119 0.0029 0.0242 0.0007 18.2 5.0 24.3 202.41 31.97 1260 143
2 100.0 4.1006 0.0216 0.1711 0.0011 0.0083 0.0011 2.7183 0.0313 0.0201 0.0017 27.8 0.4 85.5 20.50 0.34 175.7 2.8
Total 21.70 0.55 185.5 4.5
NQ7 1 21.6 0.6305 0.0040 0.0022 0.0001 0.0010 0.0002 0.0259 0.1575 0.0215 0.0007 20.6 125.3 0.3 nd nd nd nd
2 100.0 0.7604 0.0049 0.0080 0.0002 0.0057 0.0006 0.3216 0.0049 0.0226 0.0011 70.4 2.0 12.3 11.70 4.02 102.4 34.2
Total 9.39 5.35 82.6 46.0
NQ8 1 0.7 1.0224 0.0054 0.0011 0.0001 0.0044 0.0003 0.0038 0.0015 0.0213 0.0014 6.0 2.5 38.4 357.4 49.7 1847 161
2 100.0 5.3660 0.0255 0.1507 0.0015 0.0035 0.0008 2.4351 0.0260 0.0219 0.0014 28.3 0.4 87.9 31.31 0.45 262.0 3.5
Total 33.67 0.80 280.3 6.2
NQ9/1 1 37.4 0.7893 0.0048 0.0001 0.0001 0.0050 0.0007 0.0020 0.0024 0.0317 0.0013 40.7 63.5 0.3 nd nd nd nd
2 100.0 0.6430 0.0040 0.0001 0.0001 0.0019 0.0005 0.1433 0.0045 0.0218 0.0014 1730 1763 0.3 nd nd nd nd
Total nd nd nd nd
NQ9/2 1 50.0 0.7573 0.0054 0.0022 0.0001 0.0052 0.0008 0.0018 0.0030 0.0260 0.0010 1.4 2.4 0.3 nd nd nd nd
2 100.0 0.7159 0.0082 0.0022 0.0002 0.0019 0.0006 0.1317 0.0030 0.0248 0.0013 104.8 9.0 0.3 nd nd nd nd
Total nd nd nd nd
NQ10 1 15.0 1.7915 0.0122 0.0084 0.0004 0.0031 0.0005 0.0105 0.0027 0.0238 0.0013 2.2 0.6 60.7 129.38 7.43 898.9 40.7
2 100.0 1.4344 0.0110 0.0477 0.0004 0.0036 0.0011 7.1237 0.0743 0.0205 0.0015 261.5 3.5 57.9 17.40 0.98 150.3 8.1
Total 34.18 1.95 284.2 15.0
UM#2: J-Value = 0.004989 ± 0.000016
NQ11 1 61.7 0.7797 0.0051 0.0004 0.0001 0.0036 0.0003 0.0324 0.0013 0.0257 0.0013 135.6 40.2 2.7 nd nd nd nd
2 100.0 0.5739 0.0028 0.0003 0.0000 0.0019 0.0007 0.1047 0.0027 0.0187 0.0014 706.9 95.7 3.6 nd nd nd nd
Total nd nd nd nd
NQ12 1 7.1 1.8383 0.0108 0.0098 0.0001 0.0220 0.0011 0.1253 0.0019 0.0233 0.0012 22.4 0.4 62.5 117.56 3.88 832.6 22.0
2 100.0 4.4889 0.0212 0.1285 0.0003 0.0045 0.0010 1.8246 0.0222 0.0206 0.0012 24.8 0.3 86.4 30.18 0.34 253.0 2.6
Total 36.36 0.59 300.7 4.5
NQ13 1 12.6 4.4882 0.0243 0.0709 0.0006 0.0088 0.0013 1.6085 0.0212 0.0299 0.0012 39.7 0.6 80.3 50.88 0.76 408.1 5.5
±1σ ±1σ
bCa/K ±1σ a%
40
Ar*
40
Ar*/
39
Ar
(x10
-15
 moles) (x10
-15
 moles) (x10
-16
 moles) (x10
-16
 moles) (x10
-16
 moles)
Supplementary TableA1 Click here to download Table
Supp_TableA1_ArData_BatchA_Namaqua_Cpx_Revised.xlsm
2 100.0 8.0962 0.0380 0.4926 0.0016 0.0047 0.0010 16.0291 0.1539 0.0207 0.0016 56.9 0.6 92.4 15.19 0.13 131.8 1.1
Total 19.68 0.21 169.0 1.7
NQ14 1 1.2 0.6804 0.0048 0.0017 0.0001 0.0028 0.0004 0.0071 0.0034 0.0215 0.0013 7.2 3.5 6.6 26.04 23.08 220.3 183.9
2 100.0 3.7331 0.0207 0.1378 0.0008 0.0003 0.0017 2.0680 0.0296 0.0229 0.0015 26.3 0.4 81.9 22.17 0.38 189.2 3.1
Total 22.22 0.66 189.6 5.3
NQ15 1 23.2 0.7488 0.0049 0.0005 0.0000 0.0021 0.0007 0.0013 0.0006 0.0239 0.0012 4.7 2.1 5.9 90.83 75.64 674.2 468.7
2 100.0 0.6379 0.0037 0.0016 0.0001 0.0033 0.0008 0.2317 0.0029 0.0215 0.0013 252.7 14.2 0.2 nd nd nd nd
Total nd nd nd nd
NQ16 1 0.4 0.7616 0.0058 0.0001 0.0001 0.0035 0.0003 0.0194 0.0007 0.0217 0.0019 241 137 15.8 854.8 628.6 2996 1076
2 100.0 9.0176 0.0426 0.0378 0.0007 0.0029 0.0004 2.6122 0.0319 0.0219 0.0014 121.1 2.8 92.8 221.75 4.52 1343.9 19.3
Total 224.10 6.84 1353.9 29.1
NQ17 1 8.8 0.6880 0.0065 0.0022 0.0001 0.0010 0.0004 0.0050 0.0024 0.0207 0.0012 4.0 1.9 11.2 34.97 16.69 290.1 127.9
2 100.0 1.2298 0.0061 0.0229 0.0004 0.0030 0.0006 0.9752 0.0117 0.0242 0.0014 74.7 1.7 41.9 22.54 1.90 192.3 15.4
Total 23.63 3.20 201.1 25.8
NQ18 1 3.6 0.6567 0.0055 0.0017 0.0001 0.0000 0.0008 0.0338 0.0034 0.0236 0.0011 35.0 3.8 0.3 nd nd nd nd
2 529.1 1.6235 0.0078 0.0456 0.0009 0.0024 0.0012 1.3774 0.0148 0.0197 0.0013 52.9 1.1 64.1 22.83 0.94 194.6 7.6
Total 22.06 1.60 188.3 12.9
NQ19 1 50.4 1.0733 0.0105 0.0164 0.0004 0.0017 0.0005 0.2342 0.0044 0.0232 0.0012 25.0 0.8 36.1 23.63 2.32 201.0 18.7
2 100.0 0.8418 0.0049 0.0161 0.0003 0.0015 0.0001 0.3059 0.0030 0.0211 0.0014 33.2 0.8 25.8 13.49 2.63 117.5 22.2
Total 18.60 2.48 160.1 20.4
NQ20 1 10.1 1.6340 0.0084 0.0129 0.0004 0.0027 0.0007 0.2505 0.0034 0.0204 0.0017 34.0 1.0 63.0 79.79 4.56 604.5 29.4
2 100.0 2.6743 0.0212 0.1147 0.0009 0.0040 0.0015 2.5837 0.0258 0.0228 0.0014 39.4 0.5 74.8 17.44 0.43 150.5 3.5
Total 23.75 0.85 202.0 6.8
UM#2: J-Value = 0.004988 ± 0.000012
NQ21 1 2.5 0.6291 0.0050 0.0022 0.0001 0.0021 0.0009 0.0016 0.0012 0.0222 0.0011 1.3 1.0 0.3 nd nd nd nd
2 100.0 1.8063 0.0092 0.0854 0.0007 0.0042 0.0007 2.4996 0.0303 0.0194 0.0013 51.2 0.8 68.2 14.42 0.47 125.3 4.0
Total 14.08 0.85 122.5 7.1
NQ22 1 6.8 0.5441 0.0039 0.0003 0.0001 0.0045 0.0004 0.0046 0.0019 0.0203 0.0016 23.1 10.8 0.4 nd nd nd nd
2 100.0 0.6268 0.0032 0.0048 0.0002 0.0031 0.0004 0.1424 0.0036 0.0199 0.0018 52.0 2.3 6.3 nd nd nd nd
Total nd nd nd nd
NQ23 1 13.8 1.0093 0.0062 0.0024 0.0002 0.0051 0.0008 0.1991 0.0048 0.0227 0.0013 148.1 16.1 33.6 144.03 22.75 976.7 119.2
2 100.0 0.9742 0.0049 0.0147 0.0007 0.0045 0.0005 1.1894 0.0212 0.0217 0.0015 141.9 7.2 34.2 22.69 3.17 193.4 25.6
Total 39.46 5.88 324.1 44.2
NQ24 1 71.2 0.7654 0.0037 0.0022 0.0001 0.0023 0.0007 0.0041 0.0012 0.0213 0.0010 3.3 1.0 17.7 61.64 13.46 483.6 92.7
2 100.0 0.6359 0.0043 0.0009 0.0001 0.0023 0.0007 0.1499 0.0041 0.0230 0.0013 295.1 24.9 0.3 nd nd nd nd
Total 44.61 21.85 362.5 160.9
NQ25 1 12.7 23.0571 0.1182 0.0868 0.0007 0.0040 0.0014 1.0982 0.0114 0.0270 0.0013 22.1 0.3 96.5 256.48 2.44 1486.3 9.6
2 100.0 68.8356 0.3269 0.5961 0.0006 0.0077 0.0014 7.5468 0.0710 0.0252 0.0016 22.2 0.2 98.9 114.23 0.57 813.5 3.3
Total 132.31 0.81 914.3 4.4
UM#3: J-Value = 0.008731 ± 0.000019
NQ26/1 1 3.8 2.5951 0.0078 0.0653 0.0008 0.0147 0.0036 1.0825 0.0093 0.0111 0.0013 29.0 0.4 87.3 34.72 0.72 477.7 8.7
2 100.0 28.0751 0.0741 1.6629 0.0021 0.0104 0.0058 29.9876 0.1425 0.0058 0.0031 31.6 0.2 99.2 16.78 0.07 246.7 1.0
Total 17.46 0.10 255.9 1.3
NQ26/2 1 6.9 8.8143 0.0225 0.1096 0.0004 0.0375 0.0053 1.9502 0.0194 0.1669 0.0059 31.1 0.3 44.0 35.43 1.60 486.2 19.2
2 30.8 31.7930 0.0734 0.3776 0.0022 0.1750 0.0025 6.8561 0.0482 0.8805 0.0076 31.8 0.3 18.2 15.29 0.64 226.1 8.8
3 100.0 60.3779 0.1433 1.0924 0.0016 0.2747 0.0038 20.1451 0.1056 1.4416 0.0128 32.3 0.2 29.4 16.28 0.37 239.7 5.1
Total 17.37 0.52 254.7 7.1
NQ27 1 49.1 26.5806 0.0680 0.0029 0.0002 0.1856 0.0038 0.0108 0.0018 0.8967 0.0088 6.5 1.1 0.3 nd nd nd nd
2 75.5 3.5872 0.0180 0.0016 0.0002 0.0257 0.0014 0.0248 0.0024 0.1062 0.0027 28.0 4.3 12.5 289.1 62.9 2272 281
3 100.0 0.2054 0.0013 0.0014 0.0003 0.0004 0.0024 0.0142 0.0039 0.0087 0.0012 17.2 5.8 0.0 nd nd nd nd
Total 90.48 68.14 1050 600
NQ28 1 15.7 3.1789 0.0102 0.1301 0.0010 0.0344 0.0031 2.5660 0.0213 0.0141 0.0019 34.5 0.4 86.8 21.23 0.47 306.8 6.2
2 100.0 12.8654 0.0380 0.6977 0.0046 0.0266 0.0070 14.3360 0.0712 0.0147 0.0021 36.0 0.3 96.5 17.81 0.16 260.8 2.2
Total 18.35 0.21 268.1 2.8
NQ29 1 12.7 4.4052 0.0199 0.0905 0.0006 0.0099 0.0017 0.8903 0.0151 0.0400 0.0017 17.2 0.3 73.1 35.61 0.63 488.5 7.6
2 100.0 14.8619 0.0534 0.6200 0.0026 0.0673 0.0029 6.9596 0.0341 0.3370 0.0040 19.6 0.1 33.0 7.91 0.21 120.5 3.1
Total 11.44 0.27 171.7 3.8
NQ30 1 23.3 2.8902 0.0086 0.1843 0.0006 0.0171 0.0025 5.2742 0.0367 0.0185 0.0020 50.1 0.4 81.0 12.72 0.33 190.0 4.7
2 100.0 8.2164 0.0376 0.6076 0.0020 0.0176 0.0034 18.3438 0.1077 0.0117 0.0028 52.8 0.4 95.6 12.95 0.16 193.3 2.2
Total 12.90 0.20 192.6 2.8
UM#3: J-Value = 0.008771 ± 0.000019
NQ31 1 35.2 0.3089 0.0014 0.0097 0.0003 0.0059 0.0017 2.7696 0.0222 0.0058 0.0009 501.9 14.6 44.6 14.26 2.88 212.7 40.6
2 100.0 0.3705 0.0012 0.0178 0.0003 0.0070 0.0002 4.9046 0.0300 0.0078 0.0024 482.5 7.5 37.4 7.80 4.07 119.3 60.2
Total 10.07 3.65 152.7 53.1
NQ32 1 41.0 7.4641 0.0213 0.0065 0.0003 0.0166 0.0027 7.3730 0.0602 0.0167 0.0023 1986 100 93.4 1073.0 54.4 4227 83
2 100.0 7.4133 0.0341 0.0094 0.0006 0.0036 0.0039 12.0088 0.0679 0.0086 0.0023 2245 138 96.6 764.8 47.5 3684 98
Total 891.1 50.3 3927 90
NQ33 1 26.9 5.4565 0.0180 0.2531 0.0009 0.0186 0.0036 9.1222 0.0438 0.0135 0.0024 63.1 0.4 92.5 19.98 0.30 291.3 4.0
2 100.0 11.2072 0.0473 0.6869 0.0042 0.0142 0.0030 24.6688 0.1877 0.0157 0.0028 62.8 0.6 95.7 15.64 0.17 231.9 2.3
Total 16.81 0.20 248.1 2.8
NQ34 1 31.3 0.8225 0.0043 0.0409 0.0008 0.0032 0.0021 3.2160 0.0238 0.0101 0.0014 137.7 2.8 63.6 12.83 1.04 192.3 14.8
2 100.0 1.2402 0.0064 0.0898 0.0007 0.0098 0.0035 6.8712 0.0442 0.0184 0.0027 133.8 1.3 56.0 7.74 0.88 118.6 13.0
Total 9.33 0.93 141.9 13.6
NQ35 1 31.5 1.0439 0.0041 0.0063 0.0002 0.0030 0.0006 0.6145 0.0074 0.0053 0.0026 170.2 5.3 84.9 140.29 12.79 1447.2 90.8
2 100.0 0.6573 0.0036 0.0137 0.0003 0.0025 0.0025 1.6180 0.0201 0.0070 0.0052 206.1 5.4 68.6 32.83 11.24 456.5 138.2
Total 66.67 11.73 830.7 117.2
NQ36 1 100.0 0.4184 0.0028 0.0368 0.0006 0.0024 0.0031 0.4216 0.0064 0.0030 0.0016 20.1 0.4 78.3 8.93 1.28 136.0 18.8
UM#3: J-Value = 0.008811 ± 0.000019
NQ37 1 40.9 35.7654 0.0888 0.7019 0.0012 0.1561 0.0025 9.3276 0.0459 0.7892 0.0119 23.3 0.1 34.8 17.73 0.52 261.9 7.1
2 100.0 55.7307 0.1422 1.0129 0.0040 0.2624 0.0034 13.3468 0.0635 1.2749 0.0150 23.1 0.1 32.4 17.83 0.46 263.2 6.4
Total 17.79 0.49 262.7 6.7
NQ38 1 56.6 3.8659 0.0501 0.0836 0.0010 0.0185 0.0009 2.7677 0.0297 0.0812 0.0023 57.9 0.9 37.9 17.52 1.05 259.0 14.4
2 100.0 106.3338 0.2611 0.0641 0.0010 0.7018 0.0070 2.1040 0.0157 3.6610 0.0315 57.4 1.0 0.0 nd nd nd nd
Total 9.92 7.13 151.1 104.2
NQ39 1 21.1 0.3078 0.0015 0.0100 0.0006 0.0072 0.0025 0.1358 0.0041 0.0094 0.0006 23.7 1.6 9.7 2.96 1.79 46.5 27.7
2 100.0 0.3903 0.0022 0.0376 0.0004 0.0115 0.0016 0.5204 0.0076 0.0035 0.0017 24.2 0.4 73.4 7.64 1.32 117.5 19.7
Total 6.66 1.42 102.8 21.3
NQ40 1 36.7 0.2779 0.0019 0.0090 0.0004 0.0014 0.0024 0.4861 0.0052 0.0082 0.0011 94.7 4.7 12.6 3.90 3.59 60.9 55.1
2 100.0 0.3717 0.0015 0.0155 0.0003 0.0023 0.0022 0.9166 0.0125 0.0042 0.0013 103.6 2.5 66.3 15.95 2.49 237.2 34.7
Total 11.52 2.89 174.4 41.7
NQ41 1 41.1 7.1617 0.0214 0.0223 0.0003 0.0064 0.0024 2.5042 0.0197 0.0162 0.0018 196.7 3.4 93.3 299.8 5.3 2332 23
2 100.0 16.7850 0.0433 0.0319 0.0005 0.0906 0.0045 3.3978 0.0194 0.4861 0.0065 186.1 3.0 14.4 75.79 6.27 922.7 59.8
Total 167.9 5.9 1638 38
NQ42 1 27.9 4.0956 0.0192 0.1111 0.0007 0.0230 0.0006 2.8624 0.0266 0.0645 0.0023 45.1 0.5 53.4 19.72 0.64 289.0 8.7
2 100.0 10.1051 0.0293 0.2874 0.0008 0.0413 0.0029 7.6587 0.0469 0.1858 0.0042 46.6 0.3 45.6 16.06 0.45 238.7 6.3
Total 17.08 0.50 252.9 7.0
UM#3: J-Value = 0.008850 ± 0.000020
NQ43 1 33.9 0.6045 0.0033 0.0282 0.0007 0.0342 0.0054 1.4339 0.0130 0.0090 0.0025 89.1 2.2 55.8 12.00 2.64 182.1 38.1
2 100.0 0.7222 0.0033 0.0549 0.0009 0.0017 0.0027 3.4435 0.0280 0.0046 0.0023 109.7 2.0 80.8 10.64 1.24 162.4 18.1
Total 11.11 1.71 169.1 24.7
NQ44 1 29.7 49.8586 0.1289 0.0441 0.0006 0.3246 0.0058 1.0315 0.0167 1.6382 0.0154 41.0 0.9 2.9 32.90 10.76 461.0 133.2
2 100.0 26.6263 0.0812 0.1046 0.0005 0.1692 0.0013 2.8200 0.0158 0.8688 0.0066 47.2 0.3 3.6 9.11 2.02 140.0 29.9
Total 16.17 4.62 241.3 64.1
NQ45 1 91.9 0.0989 0.0011 0.0006 0.0002 0.0025 0.0018 0.0460 0.0041 0.0059 0.0024 143.1 42.4 0.0 nd nd nd nd
2 100.0 0.1216 0.0018 0.0000 0.0002 0.0024 0.0027 0.0251 0.0036 0.0071 0.0017 890 3365 0.0 nd nd nd nd
Total nd nd nd nd
NQ46 1 100.0 19.5757 0.0477 0.0014 0.0001 0.1283 0.0023 0.0042 0.0037 0.6722 0.0082 5.3 4.7 0.0 nd nd nd nd
NQ47 1 100.0 79.5331 0.2031 0.0036 0.0005 0.5250 0.0023 0.0283 0.0033 2.6940 0.0239 13.8 2.5 0.0 nd nd nd nd
NQ48 1 13.8 1.5631 0.0046 0.0098 0.0003 0.0157 0.0025 3.1955 0.0187 0.0492 0.0018 569.6 18.1 6.9 11.04 5.38 168.2 78.2
2 100.0 24.6926 0.0666 0.0612 0.0009 0.1590 0.0014 21.9033 0.1077 0.8178 0.0110 626.6 9.5 2.1 8.60 5.41 132.3 80.3
Total 8.93 5.41 137.3 79.5
a
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40
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40
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b
 Quoted errors are one sigma and exclude uncertainties in the J-value.
c
 J-values based on an age of 99.125 ± 0.076 Ma for GA1550 and MD-2 biotite (Phillips et al., 2017).
d
 Weighted average calculated using size of step weighting. 
e
nd = not determined (due to negligible 
39
ArK and/or 
40
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Table A2  ARGUSVI 
40
Ar/
39
Ar laser step-heating analytical results
a
 for Batch B clinopyroxene inclusions extracted from Namaqualand detrital diamonds
Sample Step Laser
40
Ar ±1σ
39
Ar ±1σ
38
Ar ±1σ
37
Ar ±1σ
36
Ar ±1σ
39
Ar Cum.% Apparent
ID No Power (x10
-14 39
Ar Age (Ma)
mol)
Experiments with negligible 
39
Ar in red text.
UM#68: J-Value
c
 = 0.0262173912 ± 0.0000035131 ( 0.013%;1σ )
NQ100 1 0.2% 25.224 0.028 0.103 0.015 0.00090 0.00007 1.33 0.13 0.0048 0.0004 0.0004 22.61 4.02 94.3 231.09 34.52 0.2 3525.6 231.3
2 1.5% 276.380 0.688 41.190 0.081 0.00128 0.00033 516.87 1.62 0.0068 0.0018 0.1462 21.96 0.08 99.3 6.661 0.025 100.0 290.4 1.0
Total 7.220 0.111 312.8 4.4
NQ101a 1 0.3% 20.474 0.019 0.429 0.012 0.00085 0.00008 5.82 0.14 0.0045 0.0004 0.0015 23.73 0.88 93.4 44.56 1.26 2.8 1396.3 27.5
2 1.5% 77.810 0.035 15.051 0.015 0.00032 0.00022 572.49 0.20 0.0017 0.0012 0.0534 66.56 0.07 99.3 5.136 0.024 100.0 227.9 1.0
Total 6.229 0.058 272.9 2.4
NQ101b 1 0.4% 7.362 0.032 1.641 0.012 0.00059 0.00008 59.43 0.16 0.0031 0.0004 0.0058 63.39 0.51 87.4 3.921 0.083 40.3 176.5 3.6
2 1.5% 7.618 0.024 2.426 0.010 0.00020 0.00009 92.49 0.17 0.0010 0.0005 0.0086 66.73 0.30 95.9 3.013 0.059 100.0 137.2 2.6
Total 3.379 0.069 153.1 3.0
NQ102 1 0.4% 6.495 0.019 0.483 0.010 0.00021 0.00004 9.78 0.06 0.0011 0.0002 0.0017 35.47 0.77 95.0 12.78 0.29 12.4 521.4 10.4
2 1.5% 19.832 0.031 3.422 0.007 0.00005 0.00008 72.15 0.06 0.0002 0.0004 0.0121 36.90 0.08 99.6 5.774 0.039 100.0 254.3 1.6
Total 6.640 0.070 289.5 2.9
NQ103 1 2.0% 4.083 0.028 0.842 0.010 0.00029 0.00009 228.53 0.15 0.0015 0.0005 0.0030 475.20 5.66 88.7 4.305 0.183 100.0 192.9 7.8
NQ104 1 2.0% 14.657 0.039 1.798 0.011 0.00019 0.00003 17.62 0.12 0.0010 0.0002 0.0064 17.15 0.16 98.0 7.987 0.063 100.0 343.0 2.4
UM#68: J-Value
c
 = 0.0262271435 ± 0.0000035669 ( 0.014%;1σ )
NQ105 1 2.0% 9.050 0.019 2.634 0.010 0.00060 0.00025 734.22 0.25 0.0032 0.0013 0.0094 487.81 1.92 89.5 3.076 0.152 100.0 140.0 6.6
NQ107 1 2.0% 38.254 0.026 5.021 0.010 0.00030 0.00007 152.89 0.13 0.0016 0.0003 0.0178 53.29 0.11 98.7 7.524 0.026 100.0 324.9 1.0
NQ108 1 2.0% 121.144 0.022 22.145 0.010 0.00076 0.00006 318.70 0.15 0.0040 0.0003 0.0786 25.19 0.02 99.0 5.416 0.005 100.0 239.6 0.2
NQ109 1 0.4% 4.556 0.028 1.083 0.004 0.00107 0.00012 284.89 0.16 0.0057 0.0006 0.0038 460.15 1.73 62.7 2.635 0.177 18.6 120.6 7.9
2 2.0% 28.317 0.047 4.734 0.014 0.00255 0.00018 1268.01 0.37 0.0135 0.0009 0.0168 468.76 1.35 85.8 5.130 0.062 100.0 227.7 2.6
Total 4.665 0.084 208.3 3.5
NQ110 1 2.0% 255.057 0.071 36.346 0.026 0.00090 0.00013 517.34 0.20 0.0048 0.0007 0.1290 24.91 0.02 99.4 6.978 0.008 100.0 303.2 0.3
UM#68: J-Value
c
 = 0.0262369029 ± 0.0000036207 ( 0.014%;1σ )
NQ111 1 2.0% 96.965 0.025 20.318 0.017 0.00061 0.00010 264.34 0.12 0.0032 0.0005 0.0721 22.77 0.02 99.0 4.725 0.009 100.0 210.8 0.4
NQ112 1 2.0% 633.054 0.133 45.096 0.034 0.00129 0.00021 465.16 0.21 0.0068 0.0011 0.1601 18.05 0.02 99.7 13.99 0.01 100.0 564.1 0.5
NQ113 1 0.4% 2.238 0.026 0.112 0.013 0.00051 0.00004 1.39 0.12 0.0027 0.0002 0.0004 21.67 3.17 63.8 12.74 1.60 0.4 520.1 56.9
2 2.0% 141.735 0.043 26.466 0.021 0.00069 0.00011 794.25 0.24 0.0036 0.0006 0.0940 52.52 0.05 99.2 5.314 0.008 100.0 235.5 0.3
Total 5.346 0.015 236.8 0.6
NQ114 1 2.0% 75.773 0.023 13.956 0.009 0.00015 0.00010 214.29 0.19 0.0008 0.0006 0.0495 26.87 0.03 99.7 5.412 0.012 100.0 239.5 0.5
NQ115 1 2.0% 39.640 0.035 8.895 0.013 0.00062 0.00016 155.82 0.18 0.0033 0.0008 0.0316 30.65 0.06 97.5 4.347 0.029 100.0 194.8 1.2
UM#68: J-Value
c
 = 0.0262471978 ± 0.0000036746 ( 0.014%;1σ )
NQ117 1 2.0% 18.158 0.034 5.685 0.016 0.00034 0.00014 125.90 0.20 0.0018 0.0008 0.0202 38.75 0.12 97.0 3.098 0.041 100.0 141.0 1.8
NQ118 1 2.0% 39.510 0.031 9.273 0.014 0.00060 0.00011 88.07 0.15 0.0032 0.0006 0.0329 16.62 0.04 97.6 4.159 0.021 100.0 186.9 0.9
NQ119 1 0.3% 3.892 0.012 0.774 0.012 0.00049 0.00005 16.77 0.18 0.0026 0.0003 0.0027 37.92 0.70 79.9 4.018 0.121 6.1 180.9 5.2
2 2.0% 32.838 0.019 11.998 0.016 0.00029 0.00013 272.92 0.18 0.0016 0.0007 0.0426 39.81 0.06 98.6 2.698 0.017 100.0 123.4 0.8
Total 2.778 0.023 127.0 1.0
NQ120 1 0.3% 1.189 0.036 0.014 0.011 0.00062 0.00005 0.14 0.08 0.0033 0.0003 0.0000 18.06 17.28 16.8 14.32 12.63 10.6 575.5 434.8
2 2.0% 0.553 0.024 0.118 0.006 0.00013 0.00009 10.75 0.11 0.0007 0.0005 0.0004 159.53 8.80 62.7 2.941 1.189 100.0 134.2 52.3
Total 4.145 2.401 186.3 102.4
NQ121 1 0.3% 33.056 0.046 0.127 0.005 0.00051 0.00008 1.97 0.09 0.0027 0.0004 0.0005 27.12 1.68 97.6 253.50 10.57 0.4 3671.6 65.4
2 2.0% 183.754 0.053 31.698 0.021 0.00056 0.00021 529.32 0.27 0.0030 0.0011 0.1125 29.22 0.02 99.5 5.769 0.011 100.0 254.4 0.5
Total 6.759 0.053 294.6 2.1
NQ122 1 0.3% 14.480 0.028 2.432 0.011 0.00031 0.00008 14.50 0.13 0.0016 0.0004 0.0086 10.43 0.10 96.6 5.755 0.056 18.3 253.8 2.3
2 2.0% 30.718 0.032 10.821 0.013 0.00019 0.00014 134.02 0.16 0.0010 0.0008 0.0384 21.67 0.04 99.0 2.811 0.021 100.0 128.4 0.9
Total 3.351 0.028 152.1 1.2
±1σ ±1σCa/K ±1σ %
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UM#68: J-Value
c
 = 0.026247726 ± 0.0000036747 ( 0.014%;1σ )
NQ123 1 0.4% 3.226 0.042 0.041 0.013 0.00112 0.00007 1.85 0.12 0.0060 0.0004 0.0001 78.66 25.03 44.8 35.11 11.28 0.9 1178.3 278.0
2 2.0% 29.964 0.035 4.622 0.006 0.00003 0.00019 1305.89 0.31 0.0002 0.0010 0.0164 494.40 0.63 99.8 6.471 0.067 100.0 283.0 2.7
Total 6.724 0.166 293.2 6.7
NQ124 1 0.4% 160.796 0.074 0.918 0.013 0.00073 0.00010 33.67 0.09 0.0039 0.0005 0.0033 64.20 0.92 99.3 173.97 2.44 17.6 3097.1 20.8
2 2.0% 73.977 0.050 4.310 0.014 0.00019 0.00014 335.16 0.13 0.0010 0.0007 0.0153 136.10 0.44 99.6 17.10 0.08 100.0 668.7 2.5
Total 44.63 0.49 1399.0 10.7
NQ125 1 0.4% 7.522 0.024 1.792 0.012 0.00056 0.00009 73.75 0.14 0.0030 0.0005 0.0064 72.03 0.49 88.2 3.702 0.086 16.1 167.3 3.7
2 2.0% 25.061 0.023 9.361 0.008 0.00013 0.00022 392.40 0.12 0.0007 0.0012 0.0332 73.35 0.07 99.2 2.655 0.037 100.0 121.5 1.7
Total 2.823 0.045 129.0 2.0
NQ126 1 0.4% 11.966 0.042 1.825 0.007 0.00074 0.00004 27.09 0.19 0.0039 0.0002 0.0065 25.98 0.21 90.2 5.915 0.046 18.6 260.4 1.9
2 2.0% 44.695 0.037 7.998 0.006 0.00023 0.00006 121.32 0.18 0.0012 0.0003 0.0284 26.55 0.04 99.2 5.543 0.013 100.0 245.1 0.5
Total 5.612 0.019 247.9 0.8
NQ127 1 0.4% 14.515 0.027 1.167 0.011 0.00108 0.00009 37.20 0.21 0.0057 0.0005 0.0041 55.77 0.61 88.2 10.97 0.16 5.4 456.5 5.8
2 2.0% 119.163 0.037 20.650 0.015 0.00051 0.00008 655.84 0.30 0.0027 0.0004 0.0733 55.58 0.05 99.3 5.731 0.008 100.0 252.8 0.3
Total 6.012 0.016 264.3 0.639
NQ129 1 0.4% 6.432 0.015 1.271 0.011 0.00050 0.00003 31.85 0.17 0.0027 0.0002 0.0045 43.85 0.44 87.7 4.435 0.054 32.1 198.7 2.3
2 2.0% 11.070 0.032 2.693 0.012 0.00014 0.00006 71.15 0.16 0.0008 0.0003 0.0096 46.23 0.24 97.9 4.025 0.044 100.0 181.2 1.9
Total 4.157 0.047 186.8 2.0
UM#68: J-Value
c
 = 0.026248254 ± 0.0000036675 ( 0.014%;1σ )
NQ130 1 0.4% 3.372 0.020 0.121 0.013 0.00021 0.00006 5.36 0.08 0.0011 0.0003 0.0004 77.21 8.44 90.3 25.09 2.83 11.4 912.7 80.7
2 2.0% 6.279 0.021 0.942 0.013 0.00006 0.00010 59.67 0.12 0.0003 0.0005 0.0033 110.85 1.59 98.5 6.569 0.190 100.0 287.0 7.7
Total 8.684 0.491 370.4 18.9
NQ131 1 0.4% 6.255 0.040 0.242 0.016 0.00032 0.00006 5.22 0.14 0.0017 0.0003 0.0009 37.77 2.75 91.9 23.80 1.66 2.4 875.5 48.4
2 2.0% 83.685 0.053 9.752 0.017 0.00020 0.00006 256.01 0.16 0.0011 0.0003 0.0346 45.94 0.09 99.6 8.548 0.019 100.0 365.2 0.7
Total 8.917 0.059 379.4 2.3
NQ132 1 0.4% 1.890 0.033 0.240 0.020 0.00043 0.00008 9.70 0.18 0.0023 0.0004 0.0009 70.67 5.92 64.1 5.044 0.695 13.4 224.3 29.0
2 2.0% 8.796 0.038 1.554 0.018 0.00023 0.00008 73.50 0.17 0.0012 0.0004 0.0055 82.80 0.97 95.9 5.429 0.103 100.0 240.3 4.3
Total 5.377 0.182 238.2 7.6
NQ133 1 0.4% 0.938 0.010 0.156 0.010 0.00018 0.00012 78.49 0.09 0.0009 0.0006 0.0006 882.90 58.37 70.4 4.244 1.268 190.5 54.0
NQ134 1 0.4% 3.331 0.039 0.256 0.014 0.00021 0.00005 12.21 0.10 0.0011 0.0003 0.0009 83.60 4.70 89.9 11.71 0.74 13.2 483.6 26.7
2 2.0% 4.736 0.033 1.681 0.014 0.00006 0.00010 80.57 0.13 0.0003 0.0005 0.0060 83.88 0.71 97.9 2.757 0.096 100.0 126.0 4.2
Total 3.939 0.181 177.5 7.7
NQ135 1 0.4% 9.831 0.025 1.920 0.008 0.00041 0.00007 17.49 0.11 0.0022 0.0004 0.0068 15.95 0.12 93.4 4.783 0.061 20.3 213.4 2.6
2 2.0% 31.476 0.031 7.541 0.007 0.00020 0.00007 74.19 0.14 0.0011 0.0004 0.0268 17.22 0.04 99.0 4.132 0.017 100.0 185.7 0.7
Total 4.264 0.026 191.4 1.1
b
Interference corrections: (
36
Ar/
37
Ar)Ca = (2.5782 ± 0.0018) x 10
-4
; (
39
Ar/
37
Ar)Ca = (6.5620 ± 0.0164) x 10
-4
; (
40
Ar/
39
Ar)K = (1.00 ± 0.05) x 10
-5
; (
38
Ar/
39
Ar)K = (1.2246 ± 0.0028) x 10
-2
c
J-values calculated based on an age of 28.0200 ± 0.1597 Ma (1σ) for FC sanidine (Renne et al., 1998)
Blank no.
40
Ar ±1σ
39
Ar ±1σ
38
Ar ±1σ
37
Ar ±1σ
36
Ar ±1σ
EXB#3 0.449 0.005 -0.004 0.008 -0.062 0.036 -0.008 0.025 0.0122 0.0003
EXB#5 0.494 0.015 -0.035 0.009 -0.069 0.031 -0.019 0.009 0.0123 0.0002
EXB#10 0.444 0.030 -0.043 0.010 -0.019 0.018 -0.035 0.021 0.0118 0.0002
EXB#11 0.422 0.011 -0.045 0.004 0.001 0.027 -0.016 0.008 0.0115 0.0004
EXB#13 0.491 0.017 -0.027 0.006 -0.019 0.010 -0.011 0.017 0.0117 0.0001
EXB#17 0.519 0.015 -0.040 0.012 -0.043 0.033 -0.003 0.021 0.0124 0.0003
EXB#20 0.440 0.017 -0.025 0.006 -0.029 0.022 -0.011 0.021 0.0114 0.0002
EXB#24 0.516 0.019 -0.047 0.006 -0.038 0.013 -0.012 0.015 0.0126 0.0002
EXB#26 0.533 0.011 -0.041 0.004 -0.037 0.013 -0.006 0.007 0.0124 0.0003
EXB#28 0.557 0.027 -0.041 0.004 -0.066 0.021 -0.022 0.019 0.0124 0.0001
a
 Data are corrected for mass spectrometer backgrounds, discrimination, radioactive decay and interference corrections. Errors are one sigma uncertainties and include uncertainties in the J-value (propagating this error only affects the third 
Typical blank 
corrections (fA) (fA) (fA) (fA) (fA)

